, 1989 To clarify the physiological role of the mechanism that adrenergic nerve inhibits Ach release from intramural cholinergic nerve endings, the influence of Midaglizole, a2-adrenergic receptor antagonist, to postprandial gastrointestinal motilities in conscious dogs was investigated.
Introduction
It is well known that adrenergic nerve inhibits gastrointestinal motility.
One of the However, there is little information on the physiological role of this mechanism or on its relation to the regulatory action of gastrointestinal motility. Therefore, in order to examine the physiological role of the mechanism in which adrenergic nerve inhibits Ach release from the intramural cholinergic nerve, we investigated postprandial gastrointestinal motility in a dog model.
Postprandial gastrointestinal motility is mainly exhibited by the reaction in which gastrin, released by the chemical stimulation of gastric contents, stimulates Ach release from intramural cholinergic nerve (Fujii et al., 1986 ).
On the other hand, endogenous gastrin releases histamine (Fujii et al., 1981) which stimulates the smooth muscle (Fujii et al., 1986 ). This reaction is also partially involved in the process of postprandial gastrointestinal motility. The latter reaction can be removed by cepharanthine (Fujii et al., 1981) , an inhibitor of histamine release from histamine secretory cells in the gastrointestinal wall, or by histamine H1-receptor antagonists (Fujii et al., 1981) . Consequently, using these blocking agents, postprandial gastrointestinal motility can be produced dolely by the former reaction.
Therefore, by studying the effect of a2-adrenergic receptor antagonist on postprandial gastrointestinal motility, the physiological role of the above mechanism can be indicated.
In this study, Midaglizole (Yamanaka et al., 1984) , an a2-adrenergic receptor antagonist, was administered to dogs after feeding or under fasted state (quiescent phase of interdigestive migrating contraction, IMC), and its effect on gastrointestinal motility was compared.
Methods
Nine adult mongrel dogs, weighting 10-15 kg, were used. Under pentobarbital sodium anesthesia (Nembutal, Abbott ; intravenous injection of 25 mg/kg body weight), strain gauge force transducer (Star Medical, Japan, F-12IS) was sutured on to the serosal surface of various regions of the gastrointestinal tract (pyloric antrum, duodenum, distal ileum, proximal and distal colon) so that the contractile activity of the circular muscle can be recorded. Transducer lead wires, taken from the abdominal cavity via subcutis to the middle region of the superior end of bilateral shoulder blade, were fixed. They were connected to the amplifier (Star Medical, Japan, FS-02) and recorder (Graphtec, Japan, WR-3701) during experiment, and gastrointestinal motility was recorded under conscious state without restraint. On the other hand, gastrointestinal contractile signals from the amplifier were integrated (Nihon Koden, Japan, EI-601G) and also recorded. In some dogs, gastric canulla was located at the greater curvature of the border of gastric body and pyloric antrum in order to administer the drug directly into the gastric cavity.
Experiments
were taken place when normal IMC was confirmed after 7-10 days of operation. boiled with 200 cc of water, and 25 g of powder skim milk was added), and given regularly once daily (approximately 600 Cal). Same diet was also given during the experiment.
The following agents were used in this study: Midaglizole (Daiichi Seiyaku, Japan, Fig. 1 Postprandial motility of pyloric antrum, duodenum, distal ileum and proximal colon were all enhanced by Midaglizole, and amplitude and frequency of contraction were significantly increased. Similar reaction was also observed in truncal vagotomized dogs (TV dog, Fig. 2 ileum).
This enhancement effect of Midaglizole (i.v.) was observed at doses of 1.0, 1.5, 1.8, 2.0, 2.5, 3.0 and 5.0 mg/kg body weight. When the dose was 2.5 mg/kg or less, however, the effect was inconstant even in the same individual, and dose dependency was not seen. Maximum enhancement effect was observed at doses of 3.0 mg/kg or more.
2. Effect of atropine on the excitatory response of postprandial motility caused by Midaglizole.
Fig . 3A shows the postprandial gastric motility enhanced by Midaglizole (5.0 mg/kg body weight, i.v.). When atropine (0.1 mg/kg i.v.) was administered during this reaction, the motility was dramatically inhibited (Fig. 3B) . Remarkable enhancement observed in control (Fig. 3A) was not seen when Midaglizole was administered under the effect of atropine. A very weak rhythmic contraction, however, was observed from 2 minutes after Midaglizole administration.
This weak contraction disappeared when the animal was pre-treated with d-CPM (2.5 mg/kg, s.c.).
In TV dogs, postprandial motility of distal ileum was enhanced by Midaglizole (5.0 mg/kg (Fig. 4B) .
The inhibitory effect of atropine or d-CPM observed in stomach (Fig. 3) and ileum (Fig. 4) was also observed in the other regions of the gastrointestinal tract.
3. Effect of Midaglizole on gastrointestinal motility when administered intravenously under fasted state. When Midaglizole was administered during the quiescent phase of IMC in stomach, duodenum, distal ileum and distal colon, no contractions were induced in any of the regions with exceptions in some cases (3 out of 32 cases studied).
Thus, Midaglizole (i.v.) enhanced the gastrointestinal motility when administered after feeding (Fig. 2) , while no reaction was observed when administered under fasted state (Fig. 5) .
In order to investigate the mechanism of this phenomenon, Midaglizole was administered (i.v.) under the effect of pentagastrin (subliminal dose) and d-CPM, and the duodenal motility was examined. Fig. 6A shows that Midaglizole (5.0 mg/kg body weight, i.v.), when given during the quiescent phase of IMC, had no effect on duodenal motility. Subliminal dose of pentagastrin (in this case, 0.5 gg/kg body weight) was administered under treatment by d-CPM (2.5 mg/kg body weight) (Fig. 6B) . When Midaglizole was administered intravenously under this condition, rhythmic contraction of duodenum was induced (Fig. 6C) .
Further, when the animal was pre-treated with cisapride (1.0 mg/kg body weight, i.v.), an Ach releasing stimulator from the intramaral cholinergic nerve endings (Pfeuffer-Friederich et al., 1984; Fujii et al., 1988) , Midaglizole (5.0 mg/kg body weight, i.v.) induced the rhythmic contraction under fasted state (Fig. 7B , distal ileum in TV dog). Midaglizole (20 mg/kg body weight), wrapped with wafer, was administered directly into the gastric cavity via gastric canulla.
Proximal colon motility of a representative case is shown in Fig. 8 . Midaglizole was administered directly into gastric cavity under fasted state in 8 cases, and all of them showed mass peristalsis-like colon activity, which disappeared by atropine administration. The animal shown in Fig. 8A was the only case which showed defecation posture or defecation.
Stomach, duodenum and ileum also showed IMC-like activity soon after direct administra- On the other hand, using conscious dog models, we have been investigating the physiological role of the intramural cholinergic nerve in the developmental mechanism of postprandial gastrointestinal motility Fujii and Okajima, 1986 ; Okajima et al., 1987) , and reported as follows.
Postprandial gastrointestinal motility is mainly exhibited by the reaction in which gastrin, released by chemical stimulation of stomach contents, stimulates Ach release from intramural cholinergic nerve. On the other hand, endogenous gastrin also stimulates histamine release (Fujii et al., 1981) which acts on the gastrointestinal smooth muscle, however, this reaction is only partially involved.
In this study, intravenous administration of Midaglizole, an a2-adrenergic receptor antagonist (Yamanaka et al, 1984 , Fig. 1 ), enhanced the postprandial motility of the whole gastrointestinal tract, from stomach to colon (Fig. 2, Fig. 3A, Fig. 4A ). This reaction was inhibited by atropine ( Fig. 3B and Fig. 4B ). Similar reaction was also observed in TV dogs ( Fig. 2 and Fig.   3A ). These results were consistent with the reaction induced by intravenous administration of yohimbine or phentolamine (Fujii et al., 1986) . The above findings indicate that there is a physiological mechanism in which the intramural cholinergic nerve activity, the main arena of the postprandial motility process, is regulated by adrenergic nerve at the preganglionic site.
The existence of this mechanism is supported by the two facts, that increased renal sympathetic nerve activity and plasma noradrenaline level are observed after food intake (Kopin et al, 1978; Matsukawa et al., 1986 ; Fujii et al., unpublished) .
A weak rhythmic contraction was induced when Midaglizole was administered under the effect of atropine (Fig. 3B ) and disappeared by d-CPM (Fig. 4B) . It is considered that this weak rhythmic activity was not caused by Midaglizole but by minor reaction of postprandial motility process in which histamine H1-receptor is associated.
Unlike the postprandial effect of intravenous injection of Midaglizole, when given under fasted state, no effect was observed in most cases (29 out of 32 cases studied). This can be explained as follows.
Under fasted state, the excitement level of intramural cholinergic nerve is low because of the reduced blood gastrin level. Consequently, it is supposed that the a2-adrenergic receptor antagonizing activities of Midaglizole did not appear. The observation of postprandial-like motility pattern ( Fig. 6C and Fig. 7 ) when animals were pre-treated with pentagastrin (subliminal dose) or whith cisapride, an agent which stimulates Ach release from the intramural cholinergic nerve endings as gastrin (Pfeuffer-Friederich et al., 1984; Fujii et al., 1988) will support this speculation.
A mass peristalsis-like activity was induced in the proximal colon when Midaglizole (20 mg/kg) was administered directly into the gastric cavity, via gastric canulla, during the quescent phase of IMC (Fig. 8A ). The detailed mechanism in which i.v. dosing induced no effect (Fig. 2, colon) while direct dosing induced mass peristalsis-like activity is unknown.
However, from the fact that it disappeared by atropine administration (Fig. 8B) , cholinergic nerve might be participated in this reaction.
Midaglizole, by its a2-adrenergic receptor antagonizing activity, stimulates insulin release from pancreatic beta-cells in vitro and in vivo (Muramatsu et al., 1983 ; Yamanaka et al., 1984 ; Kawatsu et al., 1987) . On the other hand, it is well known that insulin, by lowering blood glucose, stimulates cholinergic fiber in the vagus nerve through the central nervous system, and leads to gastrin secretion and gastrointestinal motility (Fujii and Mukai, 1984) . Thus, an assumption arises that insulin might be mediating the enhancement reaction of gastrointestinal motility which was induced by Midaglizole and disappeared with atropine in this study.
However, from that fact that Midaglizole also induced gastrointestinal motility enhancement in TV dogs, which was a similar reaction seen in normal dogs, insulin may hardly play a role on its mechanism.
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